The survival of developing neurons is epigenetically regulated by trophic factors. Only one such protein, the nerve growth factor (NGF) has been shown to act in vivo, where it supports the survival of neural-crest-derived sensory and sympathetic neurons. Recently, however, other proteins have been isolated and shown to support the survival of cultured neurons. Furthermore, in addition to the effects of soluble trophic factors, proteins of the extracellular matrix are also able to modulate neuronal survival. Analysis of the basal lamina protein, laminin, shows that when used as a culture substrate it stimulates neurite outgrowth and potentiates neuronal survival via a site associated with its heparin binding domain. On proteolytic cleavage of laminin, however, a cryptic site is unmasked that can also promote neuronal survival and neurite growth. The properties of this cryptic site indicate that it may be similar to that of the laminin-like molecule synthesized by Schwann cells, which although recognized by anti-laminin antibodies is not inhibited by them.
It is ironic that the first protein to be isolated, characterized and named as a growth factor, the nerve growth factor (NGF), does not act to stimulate the rate of division of its responsive nerve cells: thus the action of NGF is fundamentally different from those of subsequently discovered growth factors -EGF, PDGF etc. -which are stimulators of mitosis. While essentially nothing is known about the molecules and mechanisms that regulate the division of neurons or their precursor cells, the role of NGF to promote the survival of developing neurons and to maintain the differen tiated properties of mature neurons is well established (for a review, see Thoenen & Barde 1980) . NGF is still the only molecule that has been shown to act in vivo as a trophic factor exerting a retrograde survival-promoting effect from target tissue to innervating neurons, the evidence until very recently being indirect: administration of anti-NGF antibodies to embryonic or young animals resulted in the death of peripheral sensory and sympathetic neurons. Direct evidence that target tissues determine the numbers of their innervating neurons by the production of NGF has, however, now been provided by showing that organs densely innervated by the sympathetic nervous system have higher levels of NGF than those with a meagre innervation (Korsching & Thoenen, 1983a) . The amounts of NGF and its mRNA are correlated with the density of sympathetic innervation (Heumann, Korsching, Scott & Thoenen, 1984; Shelton & Reichardt, 1984) , indicating that target organs do indeed synthesize 108
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NGF, although it is not clear which cells are responsible. As NGF levels have now been shown to be able to determine the extent of sympathetic axonal ramification (Campenot, 1982) , then endogenous NGF production is indeed most probably responsible for the extent of sympathetic innervation.
The mechanism of action of NGF to promote neuronal survival during develop ment and to maintain levels of neurotransmitter-synthesizing enzymes and neuro peptides in the adult is still unclear; endogenous NGF has been shown to be transported retrogradely along axons to the neuronal cell bodies situated in periph eral ganglia (Korsching & Thoenen, 19836) . This retrograde accumulation thus explains the high levels of NGF found in sympathetic ganglia although the low levels of its mRNA indicate that it is not synthesized there (Heumann et al. 1984) . Interruption of retrograde transport by axotomy or colchicine treatment leads to the death of young neurons showing that the retrograde transport to the cell body of either NGF itself or of some unknown second messenger is necessary for the survival promoting effect. It is clear that the specific uptake of NGF is due to the presence of high-affinity NGF receptors (KD 10_ 11m ) on the neuronal membrane, and once internalized the NGF remains in membrane-bound compartments (Schwab, Heumann & Thoenen, 1982) . Details of the molecular mechanism of action of N GF after receptor binding, internalization and transport, however, remain unknown.
Although NGF is the only protein that has been demonstrated to have the role of a neurotrophic factor in vivo, it is most unlikely that it is the only protein with this function: the epigenetic control of neuronal survival has been demonstrated throughout the nervous system, whereas NGF has only been shown to affect the survival of peripheral sensory and sympathetic neurons derived from the neural crest (see Lindsay et al. 1985) . Indeed recent experiments in vitro using tissue culture techniques have shown that a variety of tissue extracts and molecules produced by cultured cells are able to support the survival of neurons that are unresponsive to NGF (for reviews, see Barde, Edgar & Thoenen, 1983; Lindsay et al. 1985) . At the time of writing only two of these molecules have been isolated: ciliary neurotrophic factor CN TF from embryonic eye tissues (Barbin, Manthorpe & Varon, 1984) and a brain-derived neurotrophic factor, BDNF (Barde, Edgar & Thoenen, 1982) . CNTF supports the survival of not only ciliary (parasympathetic) neurons but also of sensory and sympathetic neurons in the peripheral nervous system and is a protein of Mr 20000, pi 5-0. BDNF, on the other hand, supports the survival only of those neurons that project into the central nervous system, i.e. primary sensory neurons derived from both neural crest and placodes, and retinal ganglion cells derived from the neural tube (unpublished observation). It is a protein of M x 12000, pi > 10 ( Barde et al. 1982) . Establishment of the physiological roles for CN TF and BDNF awaits the production of antibodies against them in order to determine the consequences of their neutralization, in vivo (Edgar & Barde, 1983) .
THE TROPHIC EFFECT OF MOLECULES OF THE EXTRACELLULAR MATRIX
It has recently become apparent from tissue culture experiments that not only 'classical' soluble neurotrophic molecules but also the extracellular matrix plays a decisive role in neuronal survival and maturation in vitro. A number of different cell types have been shown to produce molecules that when attached to the culture
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Neunte outgrowth not blocked by anti-LAM Neurite outgrowth blocked by anti-LAM Fig. 2 . Cartoon summary of laminin fragmentation and antibody inhibition studies. Proteolysis was by mild digestion with elastase (4 h at 4 °C). While antisera against the whole laminin molecule or purified antibodies against the heparin binding domain blocked the neurite outgrowth due to both laminin or the fragment containing the heparin binding domain neither antisera nor antibodies blocked the neurite promoting activity of the fragment containing the cell binding domains. For details see Timpl et al. (19836) and Edgar et al. (1984) . Fig. 1 ). Some progress has been made with the partial purification of the neuritepromoting activities indicating that they are proteins, possibly associated with a heparin sulphate proteoglycan (see, e.g., Lander, Fujii, Gospodarowicz & Reichardt, 1982) . Recently, however, it was found that the basement membrane protein laminin, when used as a tissue culture substrate was both able to stimulate rapid neurite outgrowth (Baron van Evercooren et al. 1982 ) and potentiate neuronal survival in response to NGF (Edgar, Timpl & Thoenen, 1984; and Fig. 1) . Because laminin is a well-defined molecule (Fig. 2) it lends itself to an analysis of how molecules fixed in the extracellular matrix can interact with neurons to stimulate neurite outgrowth and potentiate survival. It was thus shown that although antisera against laminin block its effects on neurons, when purified antibodies against specific domains of the laminin molecule were used only those against the heparin binding globular domain at the end of the long arm of the molecule were inhibitory (Edgar etal. 1984) . This indirect evidence implicating the heparin binding domain in laminin's interaction with neurons is supported by the observation that a proteolytic fragment of laminin containing the heparin-binding domain (but not the previously characterized non-neuronal cell binding domains (Timpl, Engel & Martin, 19836) , also stimulated neurite outgrowth and potentiated survival. Thus laminin has at least two distinct cellular binding sites, for neuronal and non-neuronal cells, respectively (Edgar et al. 1984) . Fragmentation of laminin also lead to the exposure of a previously cryptic site on the molecule, as a neuronal binding site was detected in a fragment comprising the short arms of the molecule that could not be blocked by anti-laminin antibodies (Edgar et al. 1984 ). This observation is of interest because, while the effects of the various undefined extracellular matrix molecules on neurons are apparently identical to those of laminin (see below), they cannot be blocked by anti-laminin antisera (see Edgar et al. 1984 , for references). So the neuritepromoting and survival-potentiating effects of the extracellular matrices produced by cultured cells may be due to molecules analogous to the fragment consisting of the laminin short arms produced by partial proteolysis.
COMPARISON OF THE EFFECTS OF LAMININ AND SCHWANN CELL EXTRA CELLULAR MATRICES ON NEURONS IN CULTURE
As reported for the extracellular matrix produced by chick embryo heart cells (Edgar & Thoenen, 1982) , both laminin and the matrix produced by mouse Schwann cells (SCM) potentiated the survival of embryonic sympathetic neurons in response to NGF (Fig. 1) . The extent of potentiation was found to be dependent upon the age of the neurons and this was most clearly illustrated in the case of young (E8) neurons (Fig. Ia) where they displayed an absolute requirement for the laminin or Schwann cell matrix in order to survive in the presence of NGF.
Anti-laminin antiserum was able specifically to immunoprecipitate two polypep tides from the molecules produced and secreted by the Schwann cells, of 230 000 and (Fig. 3) . These bands correspond in molecular wieght to the laminin B chains and entactin or nidogen, respectively (Hogan, Taylor & Cooper, 1982; Timpl et al. 1983a) . Significantly, although the anti-laminin antisera do not block the activity of the Schwann cell medium (see Edgar et al. 1984 , for references) the activity was effectively removed from the medium by immunoprecipitation ( Table  1 ), indicating that either laminin B chains or entactin/nidogen are responsible for the neuron-stimulatory effects of the Schwann cell matrix, or alternatively that the activity is due to a minor protein not seen on the fluorogram, but which nevertheless is associated with the laminin B chains and, or, entactin.
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CONCLUSIONS
Both the extracellular matrix provided by cultured Schwann cells and the purified basement membrane protein laminin stimulate neurite outgrowth and potentiate neuronal survival in response to the neurotrophic factor, NGF. Although the molecules produced by Schwann cells are clearly different from the classical form of laminin, in having no A chain and not being blocked by anti-laminin antibodies, they also have striking similarities. Thus anti-laminin antibodies do precipitate polypep tides synthesized by the Schwann cells that correspond in molecular weight to the B chains of laminin and also entactin/nidogen, proteins known to form a non-covalent complex with authentic laminin (Hogan et al. 1982; Timpl et al. 1983a) . It is therefore tempting to speculate that the form of laminin synthesized by Schwann cells, and responsible for the effects of their matrix on neurons, is analogous to the short arm fragment of laminin, generated by proteolysis and whose effects on neurons are also not blocked by anti-laminin antibodies (Edgar et al. 1984) .
